INTRODUCTION
The stratigraphy of the onshore and offshore Gippsland Basin has been summarised by Haskell (1972) , James and Evans (1971) , Thompson (1986) and Douglas (1988b) . The Strzelecki Group represents the basal unit in the basin and comprises about 3500 m of Lower Cretaceous fluvial sediments that were deposited during the initiation of rifting between Antarctica and Australia (Megallaa 1993) . Some estimates, not yet tested by drilling, suggest that the Strzelecki Group may locally incorporate as much as 6000 m (Dudley 1959) or 9000 m (Willcox et al. 1992 ) of sedimentary rocks. Deposition of the Strzelecki Group occurred between 140 and 98 Ma with sediments derived from cratonic highlands to the north (Griffiths 1971) . Sedimentary rocks of the lowermost Strzelecki Group are exposed in several small areas on the Mornington Peninsula and Phillip Island (Figure 1 ) and in the Tyers district of north Gippsland (Figure 2 ). Victorian Mesozoic rocks were first assigned to the 'Oolitic' (McCoy 1860) or Jurassic because the fossil floras were considered similar to those known from the Yorkshire Oolite and the Rajmahal Hills Formation (then thought to be Liassic) of India. Stirling (1901) , by contrast, argued that the fossils indicated a Triassic-Jurassic age based on identifications made by R. Etheridge Jr. A Jurassic age remained widely accepted until Dettmann (1963) established a detailed palynostratigraphic zonation of the Victorian Mesozoic sediments. Correlation with sequences from other basins and with biozones based on other fossil groups constrained the age to the Early Cretaceous (Neocomian to Albian). More recent palynostratigraphic studies (Helby et al. 1987; Morgan et al. 1995) have subdivided some of these zones, modified the criteria for the recognition of some zonal boundaries, and in some cases, they have adjusted the suggested correlation to the standard international stages. Additional uncertainties in correlation arise where workers have applied different absolute ages to various stage boundaries. In this study we use the ages proposed by Gradstein et al. (1994) (Figure 3) . Deposition of the Strzelecki Group began during the Berriasian (basal Lower Foraminisporis wonthaggiensis Zone) and terminated in the Albian (Phimopollenites pannosus Zone) according to published spore-pollen data (Dettmann & Douglas 1988; Morgan et al. 1995) (Figure 3) . However, the youngest exposed sediments of the Strzelecki Group are probably of Aptian age (Douglas 1969) .
Various stratigraphic schemes have been used to describe and subdivide the Lower Cretaceous Gippsland Basin sediments (Figure 3 ). Selwyn (1856) first referred to the sequence using the name 'Cape Paterson beds' but this term has not been widely employed. Stirling (1899) promoted the sequence to group status renaming it the Korumburra Group. This term was later resurrected by Talent (1965) and Drinnan and Chambers (1986) but has otherwise not gained wide usage. The most extensively used term, Strzelecki Group, was first published by Medwell (1954) in a review and revision of the Victorian Cretaceous flora. According to the International Stratigraphic Guide (Salvador 1994), a group should 'outline clearly the diagnostic characteristics on which it is based and the formations of which it is composed', however, no detailed description of the sedimentary characteristics or stratigraphic subdivisions were provided with the original designation of the group. Since the initial naming of the sequence, several subdivisions have been recognised although few have been formally defined.
Sedimentary rocks exposed along the Tyers River and other creeks north of Traralgon, were assigned to a separate group, the Tyers Group, by Philip (1958) . They have since been informally reassigned, as a subgroup, to the lowermost part of the Strzelecki Group (Constantine 1995; Chiupka 1996) . Sedimentological analyses and nomenclatural modification of this subgroup have been carried out by Edwards and Baker (1943) , Philip (1958) , Dudley (1959) , French (1981) , Holdgate and McNicol (1992) , Constantine and Holdgate (1993) and Chiupka (1996) but no further stratigraphic names were formalised (Figure 3 ).
This study is part of a broader investigation into the fossil floras and non-marine biofacies of Lower Cretaceous strata in the Gippsland and Otway Basins. In order to understand the biological and palaeoenvironmental associations expressed in the fossil assemblages it has been necessary to: (i) establish an unambiguous formal stratigraphic scheme for the Neocomian succession, and (ii) document the lithofacies associations throughout the sequence and interpret their respective depositional settings. This paper describes the succession of fluvial sedimentary facies and formally documents three formations (Tyers Conglomerate, Rintoul Creek Formation and Rhyll Arkose) within the lower Strzelecki Group.
Tectonic history
The Gippsland, Otway and Bass Basins formed contemporaneously during the rifting of Australia from Antarctica (Lowry 1988) . Hegarty et al. (1986) interpreted the Gippsland Basin as a single wedge-shaped depression with a two-part tectonic history comprising a 'rift stage' (represented by actively subsiding grabens hosting mostly terrestrial sediments and volcanics) followed by a 'drift stage' (where mixed terrestrial and marine sediments accumulated on a mature continental margin adjacent to oceanic crust). Subsequent studies enhanced this model and several discrete tectonic events, including opening of the Southern Ocean and Tasman Sea and multiple phases of basin inversion, have now been interpreted to have influenced sediment accumulation in the Gippsland Basin (Hill et al. 1995a, b) .
Sedimentation began in the latest Jurassic or earliest Cretaceous in association with initial rifting between Australia and Antarctica (Featherstone et al. 1991) . The principal direction of lithospheric extension during this early phase of rifting has been interpreted to have occurred in a northeast-southwest (Lowry & Longley 1991; Megallaa 1993) , northwest-southeast (Willcox et al. 1992) , or northsouth (Hill et al. 1994) direction. Lower Cretaceous strata distributed in outcrop and in the subsurface across the Mornington Peninsula (Edwards & Baker 1943; Douglas 1969; Mallett & Holdgate 1985) demonstrate that sedimentation was continuous between the Gippsland and Otway Basins from an early stage. Although debate continues around the processes of deformation and the ages of some sediment packages and intervening erosional events, most recent stratigraphic and structural studies suggest that these basins share very similar Cretaceous-Cenozoic tectonic histories (Lowry & Longley 1991; Hill et al. 1995a) . During the Barremian-Albian, a major influx of volcanigenic sediments from the east caused crustal loading, further subsidence and accommodated deposition of the Eumeralla Formation in the Otway Basin and Strzelecki Group in the Gippsland Basin (Hill et al. 1995a; Bryan et al. 1997) . Unconformities at the top of both the Eumeralla Formation and Strzelecki Group correspond to the opening of the Southern Ocean towards the end of the Albian (Hill et al. 1995a) .
A second phase of rapid subsidence occurred during the Turonian to early Campanian and this has been attributed to rifting between Australia and the New Zealand -Lord Howe Rise block (Veevers et al. 1991; Hill et al. 1995b) . This second phase of rifting accommodated deposition of the Golden Beach Group. Subsequent opening of the Tasman Sea may be correlative with a mid-Campanian unconformity in the Gippsland Basin (Lowry 1988; Lowry & Longley 1991) . A Late Cretaceous to Palaeogene sag phase associated with widening of the Tasman Sea was accompanied by deposition of mixed coastal-plain and marine sediments of the Latrobe Valley Group (Lowry & Longley 1991; Duddy & Green 1992) . Uplift around the margins of the old rift zones during several intervals in the Late Cretaceous and Cenozoic may have inhibited sediment exchange between the Otway and Gippsland Basins (Rahmanian et al. 1990) . Marine sedimentation (represented by the Seaspray Group) was more widespread from the end of the Eocene in association with a more rapid Southern Ocean sea-floor spreading regime following cessation of spreading in the Tasman Sea (Veevers et al. 1991; Hill et al. 1995a) . Finally, substantial reverse and strike-slip faulting may have occurred in the Gippsland Basin during the Neogene associated with collision between Australia and Melanesian arc systems to the north (Etheridge et al. 1987; Featherstone et al. 1991) . 
STRATIGRAPHY OF THE LOWERMOST STRZELECKI GROUP
Strzelecki Group (Medwell 1954) Named after the Strzelecki Ranges in Gippsland, this unit has not been formally described. Originally, it did not contain any formal subdivision, which is contrary to the Australian Code of Stratigraphic Nomenclature (Staines 1985) and the International Stratigraphic Guide (Salvador 1994). As defined here (Figure 3) , the group incorporates the Tyers River Subgroup, the correlative Rhyll Arkose and the undifferentiated upper Strzelecki Group designated informally as the 'Wonthaggi Coal Measures' by Medwell (1954) or the 'Wonthaggi Formation' by Constantine and Holdgate (1993) and Chiupka (1996) .
Tyers River Subgroup (Philip 1958) (modified) Philip (1958) assigned the Mesozoic sediments of the Tyers area to the Tyers Group, although Medwell (1954) lowermost part of this sequence. Constantine (1995) and Chiupka (1996) Figure 5 ). The unit has a lenticular east-west profile reflecting deposition within a palaeovalley system ( Figure 5 ). Ferguson (1906) and Chiupka (1996) (Capital Energy NL 1995) . These sediments are lithologically similar to, and probably laterally correlative with, the Tyers Conglomerate. The Loy Yang-1A well did not intersect basement so the complete thickness of the Tyers Conglomerate in this area is unknown. Intersections of the Tyers Conglomerate have been inferred in several petroleum exploration wells in more southerly and easterly parts of the Gippsland Basin (Chiupka 1996) and Holdgate (1994) suggested that the formation is probably developed in the subsurface of the Carrajung Block and areas to the east of the Balook Block. et al. 1995) . A low diversity palynomorph suite recovered from around 2 m above basement in Rintoul Creek ( Figure  4 ) during this study lacked age-diagnostic taxa.
Rintoul Creek Formation (Bolger & Carey 1983) (modified)
The Rintoul Creek Formation is named after Rintoul Creek, which hosts the best exposures of the formation. Bolger and Carey (1983) originally used the name 'Rintouls Creek Sandstone', which was later used by Holdgate and McNicol (1992) and Chiupka (1996) but the unit was never formally defined. The formation consists of two members defined herein: the Locmany and Exalt Members.
LOCMANY MEMBER (NEW)
Nomenclature The Locmany Member is named after Locmany Creek in the Boola Boola State Forest, which hosts exposures of the lower, siltstone-rich, part of the Rintoul Creek Formation ( Figure 5 ). 
Type section

Distribution and thickness
The Locmany Member is exposed along creeks and road cuttings in the Tyers area, Gippsland Basin (Figure 2 ). It reaches a maximum of 360 m thick in the type section ( Figure 4 ). As in the case of the underlying Tyers Conglomerate, the Rintoul Creek Formation has been inferred to occur in the subsurface through much of the central Gippsland Basin (Holdgate 1994) . However, the only strong evidence of this unit in the subsurface is the interval between 1551 m and 1647 m in the Loy Yang-1A well (Capital Energy NL 1995 (1995) . This suggests a minimum age of Barremian to early Aptian for the underlying sediments equated with the Rintoul Creek Formation. The 96 m thick interval in Loy Yang-1A is substantially thinner than the Rintoul Creek type exposures (>475 m thick) located 20 km to the northwest, and this suggests significant thinning of the unit towards the basin centre.
Boundary relationships
The lower boundary of this member equates to the lower boundary of the Rintoul Creek Formation and conformably or gradationally overlies the Tyers Conglomerate. The base of the unit is marked by the transition from a conglomerate-dominated succession to a mixed sandstone-and siltstone-rich sequence. The upper boundary is gradational between 424 m and 481 m (see Figure 4 ) from a fossiliferous, siltstone-rich sequence into a succession dominated by thick, trough cross-bedded sandstone of the conformably overlying Exalt Member.
TYERS CONGLOMERATE
LOCMANY MEMBER RINTOUL CREEK FORMATION
Lithology and sedimentary facies
This unit is characterised by fining-upward cycles of sandstone and siltstone together with very minor beds of conglomerate and coal. Sandstone and siltstone beds are typically 0.5-1.5 m thick. The sandstones are predominantly very fine-to mediumgrained quartzarenite, sublitharenite and litharenite (Philip 1958; Holdgate & McNicol 1992) according to the scheme of Folk et al. (1970) , but very rare beds of fine-to coarse-grained planar cross-bedded lithic arkose and feldsarenite occur. Pebbles are rare at the base of beds and mostly consist of siltstone intraclasts or milky quartz. The very rare conglomeratic beds occur towards the base of the unit and form the basal beds of fining-upward sandstoneand siltstone-dominated cycles. The sandstone and paraconglomerate represent mostly channel-fill and crevasselobe deposits of facies G2 and C1-4. Siltstone varies from thin, unfossiliferous, pale-grey to brown beds (facies F2) gradationally overlying low-angle cross-bedded or crosslaminated sandstone, to thick, dark grey to black, fossiliferous beds (facies F1) associated with thin, cross-to flat-laminated sandstone (facies C3). Thin (<70 mm) coal bands (facies F4) are sporadically interspersed with the fossiliferous siltstone. Interlaminated fine-grained sandstone and siltstone (facies F3) are also evident. Douglas (1969 Douglas ( , 1973 ) described a rich fossil flora from the Locmany Member and assigned it to the Ptilophyllum-Pachypteris austropapillosa Zone (Phyllopteroides laevis Zone) of Neocomian age. Abundant and well-preserved leaf, fruit and shoot macrofossils are present along bedding planes particularly within F1 siltstone facies. The macroflora contains around eight species of seed-ferns (belonging to the genera Taeniopteris, Otozamites, Komlopteris, Pachydermophyllum and 'Rienitsia'), three or four species of conifers (referable to Elatocladus, Brachyphyllum and Pagiophyllum), eight or nine species of ferns (assignable to Sphenopteris, Cladophlebis, Phyllopteroides or new genera) and three or four other taxa of sphenopsid, hepaticopsid or uncertain alliance. The macroflora of the Tyers River Subgroup is currently being revised and a complete description will be published elsewhere. Apart from a rich and diverse macroflora, the Locmany Member siltstones yield a rich suite of dispersed plant mesofossils (seeds, charcoalified fern crosiers, cone scales, lycophyte megaspores). Morgan et al. (1995) , which indicates a Valanginian age. However, the preservation and taxonomic representation of palynomorphs varies substantially between sedimentary facies and it is possible that some absences are due to palaeoecological or taphonomic factors. A single unionid bivalve impression and several arthropod carapace fragments were also recovered from the unit during the course of this study. Dictyothylakos palynofossils are common in mesofossils preparations and represent the egg case linings of earthworms or leeches of the class Euclitellata (Manum 1996) .
Fossil content and age
EXALT MEMBER (NEW)
Nomenclature The Exalt Member is named after Exalt Creek located adjacent to the type section in the Boola Boola State Forest, north of Tyers, Gippsland.
Type section The Exalt Member type section is designated along Rintoul Creek, roughly 1 km southeast of the junction with Exalt Creek, where the most continuous exposures are located ( Figures 2, 4) ; upper part of section D-DЈ; GR: 55608093 (Rintoul Creek 1:25 000 topographic map) to 56948042 (Toongabbie 1:25 000 topographic map). Figure 4 ) is marked by a transition from a poorly exposed siltstone-rich sequence with <30% sandstone to a succession comprised of approximately 90% sandstone. Sandstone beds become thicker and trough and planar cross-beds become more common across the transition. The upper boundary, which corresponds to the limit of Cretaceous outcrop in this area, is truncated by the Yallourn Monocline. The conformably or disconformably overlying upper Strzelecki Group is distinguished by thick (>1 m) sandstone beds of lithic arkose to feldsarenite composition.
Distribution and thickness
Lithology and sedimentary facies
The Exalt Member is a coarsening-upward sequence but incorporates smallscale fining-upward cycles. Thick, trough to planar crossbedded, medium-to very coarse-grained, quartzose to lithic sandstones (facies C1, C2) are the most common rock types. Cross-bed orientations indicate southeasterly sediment transport. Well-rounded quartz and chert pebbles and intraformational shale clasts are interspersed throughout the sandstone. Low-angle cross-bedded to cross-laminated, very fine-to medium-grained sandstone with very rare intraformational pebbles (facies C3) decreases in frequency towards the top of the unit. Pale grey to brown, unfossiliferous, 0.2-2 m thick (mostly <1 m) siltstone (facies F2) is sporadically represented within the unit capping planar and low-angle cross-bedded to cross-laminated sandstone, at the top of fining-upward cycles.
Fossil content and age Fossils are relatively rare compared to the underlying Locmany Member and comprise predominantly coalified logs and charcoal together with other plant detritus. Douglas (1969 Douglas ( , 1973 : his localities 4, 10, 15 and 25) recorded Sphenopteris and cf. Stachypteris species from this unit. Palynological assemblages have not yet been studied from this unit. A Neocomian age is proposed based on the stratigraphic position of the unit and the limited palaeobotanical data (Douglas 1973) .
Rhyll Arkose (Jenkin 1962 ) (expanded definition and description)
Nomenclature The Rhyll Arkose is named after Rhyll township near the type section on Phillip Island (Jenkin 1962) .
Type section Designated as the cliff section exposed in a disused quarry on the coastline near Rhyll, Phillip Island (Figures 1, 6 ; Phillip Island 1:25 000 topographic map GR 51034176). Jenkin (1962) originally assigned only sediments from the type section to this formation. However, disjunct exposures also occur at Arthurs Seat and Sunnyside Road Beach on the Mornington Peninsula (Constantine & Holdgate 1993) (Figure 1 ). The type section is approximately 10 m thick but the base of the unit is concealed and the top is eroded. The type section (Figure 6 ) can be stratigraphically equated to a 140 m thick arkosic interval in Phillip Island-1 bore (Constantine & Holdgate 1993) . Small exposures on French Island reported by Jenkin (1962) incorporate thick feldsarenite beds, probably referable to the upper Strzelecki Group. Holdgate (1994 Holdgate ( , 1995 suggested that the Rhyll Arkose may occur in the subsurface through much of the western Gippsland Basin (Koo-wee-rup and Narracan Troughs). Holdgate (1995) Cl. Slt Sd Gran. Pb.
Distribution and thickness
Maceration sample (Bed 9) "Rienitsia" and Sphenopteris foliage, axes.
Buff granulestone with poorly defined low-angle bedding; charcoal fragments <1 cm diameter.
Buff -pale brown, massive, indurated, coarse granulestone.
Buff, fine granulestone with muddy matrix, local haematite banding; charcoal and mudstone clasts common; minor disrupted bedding.
Orange-buff, massive, coarse granulestone with minor charcoal fragments.
Buff -brown, medium granulestone grading to very coarse grained sandstone; minor low-angle cross-beds and moderate charcoal.
Brown, very coarse grained sandstone with common angular granulespebbles; poorly defined, low-angle bedding; fining upwards; minor charcoal.
White-brown granulestone; mostly massive, local poorly defined flat to lowangle cross-bedding; sporadic pebbles <2.5 cm diam.
White-brown, medium-coarse granulestone; sporadic, angular, chert pebbles <2 cm diam., shale clasts <1 cm diam.; massive to weakly flat-laminated.
10-15 cm beds of medium-to fine-grained, cross-laminated sandstone with intervening 2-20 cm beds of sandy siltstone with abundant plant fragments, isolated sandy current ripples and load casts; grades laterally into crossbedded medium-grained sandstone.
Buff-brown, medium granulestone; massive, or with indistinct flat bedding.
Weathered grey siltstone.
Weathered brown granulestone with poorly defined flat laminae. Figure 6 Section through part of the Rhyll Arkose exposed in the old Rhyll Quarry, Phillip Island (see Figure 4 for legend).
confirmed the age of the sediments intersected in these bores. 
Boundary relationships
Lithology and sedimentary facies
In the type section, the Rhyll Arkose consists predominantly of feldspathic granulestone and sandstone that are massive, weakly flatlaminated or low-angle cross-bedded (facies G2 equivalents: Figure 6 ). Beds are typically around 0.5-1 m thick with sharp or slightly erosional boundaries. These beds contain scattered siltstone intraclasts and angular chert pebbles to 25 mm diameter. Soft-sediment deformation and load-casts are developed within some sandy beds particularly where they overlie thin (0.02-0.2 m) beds of carbonaceous, sandy siltstone (facies F1). Hematite banding and concretions are locally developed in the granulestone beds. Cross-laminated sandstone (facies C3) and argillaceous-ferruginous, poorly fossiliferous siltstone (F2 facies) are minor constituents of the formation (Figure 6 ). Exposures at Sunnyside Road Beach comprise massive, feldspathic sandstone interbedded with fossiliferous (carbonaceous) siltstone. Bedding at this locality has been strongly disrupted by faulting, tilting and weathering (producing intense iron-staining along joints). Constantine and Holdgate (1993) reported a stratigraphically equivalent sequence at Arthurs Seat preserved beneath a cap of Eocene basalt. That sequence is characterised by micaceous, carbonaceous mudstone with subordinate grit derived from underlying Palaeozoic granite.
Fossil content and age Fossils identified from the Rhyll Quarry and Sunnyside Road Beach during this study and by Douglas (1969 Douglas ( , 1973 
DESCRIPTION AND INTERPRETATION OF SEDIMENTARY FACIES
Rocks of the Tyers River Subgroup and Rhyll Arkose can be assigned to ten broadly defined sedimentary facies. These facies are referable to three facies associations: (G) gravelly channel; (C) sandy channel/crevasse splay; and (F) floodbasin assemblages deposited in alluvial valley settings. Each facies is described in detail below and their changing distributions throughout the succession are documented in order to interpret the evolution of Neocomian depositional systems in the Gippsland Basin.
Facies G1: orthoconglomerate
Lithology and sedimentary structures Thick, polymictic, orthoconglomerate beds define facies G1 (Figure 7a, b) . Clasts consist of milky-quartz and quartzite, minor phyllite and chert, and intraformational siltstone pebbles. Clasts are mostly subangular to well-rounded and are typically 10-80 mm in diameter (rare clasts reach 400 mm diameter). They have moderate sphericity but can be angular where phyllite clasts dominate. The matrix is typically composed of quartzose to lithic sand. The orthoconglomerate is typically massive or shows weak normally graded bedding. Indistinct trough and planar cross-bedding is developed locally. Generally, the conglomerate shows poor sorting to weak imbrication of clasts, but imbrication is well-developed locally with the long axes of clasts orientated towards the palaeocurrent direction. Sandy lenses of typical C1 and G2 facies and minor, discontinuous silty partings (F2 facies) may be found as isolated lenses within this facies.
Contacts and relationships
Conglomerate beds are typically incised into other G1, G2, C1 facies or, less commonly, into floodbasin deposits. The upper contacts are erosionally overlain by G1, G2 and C1 beds or sometimes the boundaries are sharp or gradational with G2 and C1 facies. Laterally, the conglomerates lens out over 20-100 m, and grade into G2 and C1 facies. Beds average 2-3 m thick with a maximum of 6.5 m; they may be solitary or, more commonly, distributed in multistorey packages 5-10 m thick. Facies G1 is locally represented by ribbon-like assemblages but in most cases, limited outcrop prevents categorisation of their three-dimensional geometry.
Fossil content Compressions and impressions of logs up to 0.8 m long and 0.2 m diameter are the most prominent fossils in G1 facies. Most logs are preserved at the base of beds. Other fossils include unidentifiable leaf fragments, dispersed charcoal and woody detritus. These are generally scarce but may be locally abundant at the base or tops of beds.
Occurrence G1 facies are best represented in the Tyers Conglomerate ( Figure 5 ) where they immediately overlie Palaeozoic basement and were deposited over a deeply incised topography.
Interpretation of depositional environments
These poorly sorted, locally imbricate, clast-supported conglomerates signify high-energy environments. Their ribbon-like geometry comprising discontinuous beds in multistorey associations suggests deposition as longitudinal bars in gravelly, braided channels in alluvial valley settings or stream-dominated alluvial fans. Their morphology and composition is similar to the Gm facies of Miall (1978) , sporadically incorporating aspects of his Gt facies.
Facies G2: paraconglomerate and pebbly sandstone
Lithology and sedimentary structures Paraconglomerate, granulestone and pebbly, coarse-grained sandstone constitute the G2 facies (Figure 7c ). Clasts are dominated by milky quartz and quartzite but minor phyllite and shale pebbles are also present. Clasts are generally 5-30 mm in diameter but some clasts may reach 80 mm in diameter. They are subangular to well-rounded and have moderate to high sphericity. The matrix consists of medium-to very coarse-grained, quartzose to lithic sand. This facies is characterised by bedforms showing mostly fining-upward textures ranging from paraconglomerate to granulestone and coarse-grained sandstone. Distinctive isolated lenses of coarse-grained massive or cross-bedded sandstone are sporadically incorporated in this facies. Pebbly lag deposits define the base of packages. Within the Rhyll Arkose, the G2 facies is represented by buff-brown, massive to low-angle cross-bedded granulestone.
Contacts and relationships Facies G2 is represented by 0.30-1.2 m (average = 0.5 m) solitary or rarely multistorey beds. Their sharp or erosional bases typically overlie units of G1, G2 and sporadically C1 and C2 facies. Facies G2 beds are commonly overlain sharply or erosionally by G1 or other G2 facies and may sometimes grade into C1 facies. The beds are mostly discontinuous lenses that wedge out over 2-20 m and grade laterally into G1 or C1 facies. The paraconglomerate and pebbly sandstone of this facies typically occur as ribbon-like deposits.
Fossil content Log compressions and impressions are the dominant fossils preserved in the G2 facies, but charcoal and other detritus is common at the base of beds.
Occurrence The G2 facies occurs predominantly in the Rhyll Arkose and Tyers Conglomerate. It is poorly represented in the overlying Rintoul Creek Formation.
Interpretation of depositional environments
Facies G2 and G1 packages are intimately associated throughout the Tyers Conglomerate suggesting a similar genesis in high-energy, gravelly to sandy, braided-channel deposits in proximal fluvial tracts during initial basin rifting. Facies G2 is interpreted to represent deposits of slightly lower energy channels or declining traction-flow deposits compared to facies G1.
Facies C1: trough cross-bedded sandstone
Lithology and sedimentary structures Quartzose, or in some cases feldspathic, lithic or micaceous, trough crossbedded, medium-to very coarse-grained sandstone typifies the C1 facies (Figure 7d-f) . Moderate-to well-rounded extraformational pebbles and siltstone intraclasts are common at the base of packages and are scattered sparsely throughout the beds. These trough cross-bedded sandstones may show uniform texture, fluctuating grainsize, or fining-upward bedsets. Cross-bed orientations are relatively uniform and pebbly lag horizons are common at the base of bedsets. Silty and organic rich partings are interspersed sporadically between cross-beds ( Figure 7d ). Convoluted bedding and load casts are sparsely represented (Figure 7e ).
Contacts and relationships
Beds are 0.2-5 m thick but most are in the range 0.3-1.2 m (average = 0.5 m). Beds occur mostly as multistorey packages 1-5 m thick but they are occasionally solitary. These ribbon-like deposits are laterally continuous for tens, possibly hundreds, of metres, grading laterally into G2 or C3 facies. Restricted examples also occur as isolated lenses bracketed within thick G1 facies assemblages. Sharp or erosional bases are typically incised into all other facies except F3 and F4. In some cases, the C1 facies gradationally overlies G2 beds. In the majority of cases, upper boundaries are sharply or erosionally overlain by G1, G2, or other C1 packages but sharp upper contacts with C2 and C3 facies are also common. Upper boundaries are sharply overlain by floodbasin facies, and gradational contacts with C2 facies were also observed. Facies C2 cross-bed sets and cosets are laterally continuous for at least 10 m, in some cases >50 m, grading into C1 and C3 facies.
Fossil content
Fossil content Fossils within the C2 facies are predominantly logs and charcoal fragments at the base of bedsets and finer charcoal particles and other coalified plant detritus along cross-bed planes.
962 Occurrence The C2 facies occurs throughout the Cretaceous sequence in association with other channel facies (C1, C3). It is best expressed in the Exalt Member of the Rintoul Creek Formation.
A-M. P. Tosolini et al.
Interpretation of depositional environments
These planar cross-bedded suites typify lower energy (compared to facies C1) channel or bar deposits of braided and meandering rivers. In braided rivers, they mostly characterise deposits of linguoid and transverse bars and the flanks of longitudinal and lateral bars (Miall 1978; Rust 1978) . In meandering rivers, they are less common (Allen 1964; Walker & Cant 1984) but may develop as channel bars during waning flow regimes or as chute bar flood deposits.
Facies C3: planar and cross-laminated sandstone with siltstone partings
Lithology and sedimentary structures Facies C3 is represented by quartzose or locally feldspathic to lithic, very fine-to medium-grained sandstone interspersed with carbonaceous or micaceous silty laminae, flasers or lenses (Figure 8a, b) . Rare siltstone intraclasts and ferruginous concretions are also present. These packages, mostly <0.4 m but occasionally up to 2 m thick, consist of one to many beds of <0.1 m thick sandstone interlaminated with thin (<0.05 m) siltstone in irregular associations. In some cases, a fining-upward profile is evident but generally, there is no consistent trend in grainsize. The facies is characterised by highly variable, small-scale, sedimentary structures. Sandstone shows predominantly flat-and crosslamination but also has wavy-laminations, small-scale, low-angle cross-bedding and massive bedding. Softsediment deformation and discontinuous mantles, flasers and lenses of siltstone are common.
Contacts and relationships
Basal contacts of this facies are mostly sharp (with C1, C2, C3 and floodbasin facies), occasionally erosional (into floodbasin facies) or gradational (from C1 and C2 facies). The upper boundaries of C3 facies are sharp against other C3 packages (where a parting horizon is present), gradationally or sharply succeeded by F2 and F1 siltstone facies, or erosionally incised by C2 facies. Variable geometries of these beds range from discontinuous drapes and lenses a few metres wide to broad sheets extending tens to hundreds of metres and grading laterally into F2, C2 and, rarely, F1 facies.
Fossil content Abundant stem and foliage detritus and locally well-preserved leaves of conifers, pteridosperms and ferns (most notably Elatocladus, Taeniopteris and Sphenopteris spp.) occur within the silty laminae. Rootlet horizons and horizontal burrows are represented locally. Megaspores are common in the sandstones indicating an abundance of lycophytes not represented in the macroflora. In the upper Strzelecki Group this facies hosts fossils of the same major plant groups but the species composition of the assemblages is different.
Occurrence This facies is present throughout the Strzelecki Group but is best represented in both members of the Rintoul Creek Formation.
Interpretation of depositional environments
The thin-bedded sandstone with assorted sedimentary structures and discontinuous siltstone drapes of the C3 facies represents low-energy, late-stage, braided channel-fill and upper point bar to levee deposits of meandering rivers. Within braided river systems, this facies is equivalent to a combination of the Sr, Sh, and to a lesser extent Fl facies recognised by Miall (1978) .
Facies C4: thin, mostly massive sandstone Lithology and sedimentary structures Facies C4 consists of quartzose, occasionally feldspathic, lithic or micaceous, very fine-to medium-grained sandstone with sparse silty laminae and lenses, rare to common intraclast pebbles, and rare iron concretions (Figure 8c ). Some beds contain fining-upward textures, but there is generally no consistent trend in grainsize. The small-scale sedimentary structures are more poorly defined and in more random association than those found in facies C3. Flat-, wavy-and cross-laminations may be present, or the sandstone may be massive with discontinuous laminae of siltstone or organic debris.
Contacts and relationships
Beds are up to 0.6 m thick (mostly 0.2-0.3 m) and have a sheet-like or broadly lobate geometry that extends for at least tens of metres. The C4 facies grades laterally into floodbasin-dominated sequences (F1, F2 facies). Beds belonging to this facies have mostly sharp bases overlying floodbasin, C4 and C3 facies. The upper boundaries are also sharp and overlain by C3, C4, F1, F2 facies, or in minor cases, this facies is vertically gradational with F1/F2.
Fossil content Fossils are sparse to abundant and variably preserved. Fossil stems and foliage commonly occur in chaotic arrangement and extend between laminae. Gymnosperm and fern foliage genera such as Elatocladus, Taeniopteris, 'Rienitsia', Cladophlebis and Sphenopteris, together with stems, seeds, other unidentifiable foliage, charcoal, sparse rootlets and lycopod megaspores are represented.
Occurrence This facies is distributed throughout the Strzelecki Group, but is represented predominantly in the Locmany Member in association with thick floodbasin sequences.
Interpretation of depositional environments
These poorly stratified beds with chaotically arranged plant remains occur within floodbasin sequences and their variable thickness and sheet-like to lobate geometry suggests deposition in crevasse-splays during rapid discharge events. Similar crevasse-splay deposits have been reported by Mjos et al. (1993) , from the Middle Jurassic Ravenscar Group of Yorkshire, UK; by Rhee et al. (1993) , from the Cretaceous Eumsung and Pyonghae basins in Korea; and by Jorgensen and Fielding (1996) , from the Upper Triassic Callide Coal Measures of eastern Australia. This facies can be compared with facies Sl of Miall (1978).
Facies F1: fossiliferous siltstone
Lithology and sedimentary structures Dark grey to black carbonaceous siltstone with sporadic, very finegrained sandstone partings characterise facies F1 ( Figure  8d ). The siltstone is commonly iron-stained along joints. Individual beds are mostly 0.1-0.5 m thick but may reach 1.6 m thick. The facies is uniformly silty except for localised, very thin, sandy laminae or lenses (<0.1 m thick). Beds are flat-laminated or rarely wavy-laminated and flame structures are well-developed. Ferruginous concretionary structures are common.
Contacts and relationships Facies F1 units sharply overlie all other facies except C3; these contacts are often gradational. Other floodbasin facies sharply overly the F1 facies; sharp or erosional upper contacts occur with G1, G2, C1, C2, C3 and C4 channel and crevasse facies.
Fossil content F1 facies contain abundant, diverse and well-preserved macrofossils of foliage, axes, fruits and seeds. Foliage genera include: Elatocladus, Pagiophyllum, Brachyphyllum, Otozamites, Taeniopteris, 'Rienitsia', Pachydermophyllum, Komlopteris, Sphenopteris, Cladophlebis and Phyllopteroides. Gymnosperm roots and fern or equisetalean rhizome fossils are common. Abundant and well-preserved microspore, pollen, and lycophyte megaspore assemblages are also present. Scarce insect carapace fragments and a single unionid bivalve shell imprint were recovered from this facies. Many bedding planes host lowdiversity mats of complete foliage (Elatocladus, Taeniopteris and Otozamites species) denoting seasonal leaf-shed and minimal transport (Retallack 1980; Hill & Truswell 1993) .
Occurrence Within the Tyers River Subgroup the F1 facies is restricted to, but common within, the Locmany Member. Equivalent facies but with slightly different fossil species representation occur in the upper Strzelecki Group (Douglas 1969 (Douglas , 1973 .
Interpretation of depositional environments
This plant-rich facies represents low-energy floodbasin deposits where vertical accretion of fine-grained sediments occurred interspersed with minor overbank flood-sands. Similar fern-and gymnosperm-rich floodbasin deposits occur in Jurassic coal basins of eastern Australia (Gould 1980; Fielding 1993 ).
Facies F2: poorly fossiliferous siltstone
Lithology and sedimentary structures Poorly fossiliferous siltstone with localised, very thin, sandy laminae is representative of facies F2 (Figure 8c ). The siltstone varies from brown to pale-grey or mottled and from argillaceous to ferruginous. These fine-grained siltstone beds are mostly <0.5 m thick but locally reach >4 m. Flat-to wavy-laminated thin lenses of very fine-grained sandstone are isolated within the siltstone. Sporadic soft-sediment deformation is evident. Facies F3: sandstone/siltstone laminae couplets Lithology and sedimentary structures Thin, alternating, fine-grained sandstone and ferruginous siltstone laminae define this facies (Figure 8e ). The sandstonesiltstone couplets are slightly micaceous and low in organic matter. Laminae are mostly 1-4 mm thick but localised thicker sandstone laminae to 70 mm occur. Sandstone laminae are usually gradational with overlying siltstone laminae but a sharp boundary is evident with the succeeding sandstone-siltstone couplet.
Contacts and relationships
Only a single interval referable to facies F3 was encountered in this study, hence vertical and lateral relationships remain uncertain. The 0.31 m thick facies F3 package in Andersons Creek has a sharp basal contact with underlying F1 facies and is sharply overlain by C4 facies. It persists laterally for several metres but discontinuity of outcrop obscures lateral relationships.
Fossil content
No fossils have been identified in this facies, but this may be due to the limited representation of the F3 facies and the weathered nature of the outcrop.
Occurrence Only one example of this facies was recorded from the Locmany Member of the Rintoul Creek Formation. Similar thin units of finely laminated siltstones, alternating with very fine-grained sandstone, but containing rich fossil assemblages, occur in the upper Strzelecki Group (e.g. the Koonwarra fish beds : Dettmann 1986; Drinnan & Chambers 1986; Jell & Duncan 1986 ).
Interpretation of depositional environments
This facies is extremely rare and it will be necessary to discover further examples to consolidate its interpretation. Facies F3 may be interpreted as low-energy lacustrine deposits isolated from major sources of sediment and plant detritus. Figure 8f ). Beds are typically thin (<70 mm) and flatlaminated or massive. Laminae are generally defined by alternating <5 mm thick bright and siltier dull bands.
Contacts and relationships
Upper and lower contacts are sharp or gradational with facies F1. The F4 facies are lens-shaped and grade laterally into F1 facies over a few metres.
Fossil content This facies contains very abundant plant matter, however, all fossils are strongly compressed, coalified and unidentifiable.
Occurrence This facies is best represented in the Locmany Member, Rintoul Creek Formation, exposed in Locmany and Rintoul Creeks. Very sparse, thin deposits also occur in the Tyers Conglomerate. Lithologically equivalent, but thicker, coaly facies occur in the upper Strzelecki Group, notably in the Wonthaggi district, where bituminous coal seams occur up to 3 m thick (Ward 1995) .
Interpretation of depositional environments
This coaly facies, comparable to facies C of Miall (1978) , represents forest or herbaceous mire deposits in floodbasin settings isolated from the input of clastic material. The presence of only thin and impersistent beds is possibly indicative of rapid migration of channel and floodbasin environments within an alluvial valley setting where mire communities were rarely persistent enough to establish thick peat accumulations.
EVOLUTION OF DEPOSITIONAL SYSTEMS IN THE EARLY CRETACEOUS Synrift deposition of conglomerate and granulestone
Initial rifting in earliest Cretaceous times created accommodation space bordering basement faults and allowed incision of alluvial valleys into adjoining highlands. Highenergy braided rivers in alluvial valley and fan settings dominated sedimentation at this time. Similar Lower Cretaceous, conglomerate-dominated, alluvial fan/braided river deposits have been reported from the Kyongsang Basin, Korea (Jo et al. 1997) , and the modern South Saskatchewan River, Canada, provides a comparable modern sedimentary analogue, albeit at a larger scale than the Gippsland deposits (Cant 1978; Miall 1978) . The succession is also comparable to thick, conglomerate-rich braided river sequences developed during phases of rapid subsidence in the Ainsa Basin, Spain (Bentham et al. 1993) although fine-grained facies are less commonly represented in the Tyers Conglomerate. The coarse-grained sediments of the Tyers Conglomerate and Rhyll Arkose represent the deposits of high-energy river systems flowing into the Gippsland Basin (Holdgate & McNicol 1992; Constantine & Holdgate 1993; Chiupka 1996) from the west and northwest during a short period around the beginning of the Cretaceous. Sedimentation was probably restricted to small areas within the current extent of the basin as upper Strzelecki Group sediments rest directly on basement rocks in some places. The lenticular east-west profile of the Tyers Conglomerate deposits in the northwest of the basin ( Figure 5 ) demonstrates the infilling of an established alluvial valley incised into Palaeozoic metasediments of the Lachlan Fold Belt (Figure 9a ). The presence of at least 88 m of conglomeratic sediment intersected in the Loy Yang-1A well indicates that the Tyers Conglomerate extends at least 20 km to the southeast of the type section in the subsurface (Capital Energy NL 1995) . Southeasterly palaeocurrent indices and the lithologies of sedimentary clasts indicate that these basal conglomerates were sourced from cratonic Palaeozoic highlands to the northwest. A proximal source for the bulk of the sediments and at least seasonally high discharge are probable owing to the presence of thick orthoconglomerate beds containing large and/or poorly rounded clasts of low sphericity. The lenticular or ribbon-like geometries and erosional bases of many of the sediment bodies in the Tyers Conglomerate, together with abundant intraclasts of sandstone and siltstone within the conglomerates (facies G1, G2), suggest rapid lateral migration of channels and erosion of previous channel and floodbasin deposits. Major channels with turbulent flow were filled with massive or trough to planar cross-bedded gravel and sand representing subaqueous dune and longitudinal bar deposits. Minor channels were probably less turbulent and hosted mostly planar crossbedded sands accumulated in linguoid and transverse bars. Floodbasin deposits are poorly represented in this part of the sequence.
Further subsidence and development of sandy fluvial systems
Continuing regional subsidence through the Neocomian led to broadening of the Gippsland Basin and conglomeratic facies became restricted to marginal portions of the basin (since largely removed by erosion). In the Tyers area, the basal conglomerates are succeeded by a siltstone-rich sequence (Locmany Member) reflecting development of more sluggish fluvial systems (Figure 9b ). This siltstonedominated succession rich in plant remains is comparable to deposits of high-sinuosity fluvial systems developed in wet (Cúneo 1983) , rather than dry (Smith 1995), palaeoclimatic settings. This change in sedimentation may have corresponded to a rise in base-level allowing a retrogradational shift of low-energy fluvial systems towards the basin margins. Channel facies within this succession are commonly represented by single-storey planar cross-bedded sandstone (facies C2) capped by cross-laminated sandstone (facies C3) and thick interlaminated packages of siltstone and fine-grained sandstone representing extensive levee and floodbasin deposits (facies F1, F2). Although lateral accretion surfaces are difficult to resolve due to limited exposures, the facies associations are more typical of lower discharge braided river deposits or high sinuosity (meandering) fluvial systems (Miall 1978; Walker & Cant 1984) . Common, thin, lobate sandstone hosting irregular sedimentary structures and chaotically preserved plant remains (facies C4) within thick floodbasin sequences attest to frequent flooding events and development of crevasse-splays. Consistently moist environments are also indicated by the broad range of plant species, especially the diverse and abundant suites of ferns and lycophytes (Douglas 1973) , and the dearth of desiccation features preserved in floodbasin settings. The well-preserved plant remains reflect limited transport in the floodbasin. Packages of thick siltstone lacking abundant plant remains (facies F2) and finely interlaminated fine-grained sandstone and siltstone (facies F3) indicate the establishment of permanent, though probably small-scale, lacustrine settings within these alluvial valleys. However, coal seams (facies F4) are thin and scarce suggesting that channels migrated regularly enough across the alluvial valleys to prevent establishment of long-lasting mire communities in floodbasin settings or that subsidence rates were insufficient to accumulate thick peat deposits (Wright & Marriott 1993; Bohacs & Suter 1997) .
Further subsidence, a drop in base-level, and/or tectonic uplift of the adjoining highlands, saw a return to more active fluvial systems in the Tyers district (represented by the Exalt Member, Rintoul Creek Formation) later in the Neocomian (Holdgate & McNicol 1992) . These fluvial deposits show a substantial reduction in preserved floodbasin facies and are dominated by thick, commonly multistorey, trough and planar cross-stratified sandstone (facies C1, C2). The dearth of conglomerate indicates a more mature sediment supply and a more distal fluvial setting compared to the Tyers Conglomerate. The dominance of C1 and C2 channel facies showing consistent southeasterly palaeocurrent trends and sharp or erosional bounding surfaces suggests a return to low-sinuosity, sandy, braided fluvial systems (Figure 9c ) (Miall 1978; Rust & Koster 1984; Walker & Cant 1984) . Sediments of the Rintoul Creek Formation extend in the subsurface at least 20 km to the southeast of the type area and are intersected in Loy Yang-1A well. Although the upper boundary of the Tyers River Subgroup is not clear in outcrop, it may represent a significant disconformity. In contrast to the quartzose to lithic sediments of the Tyers River Subgroup, the overlying upper Strzelecki Group is dominated by strongly feldspathic (volcanigenic) sandstone (Edwards & Baker 1943; Holdgate & McNicol 1992) with westerly directed palaeocurrent trends (Bryan et al. 1997) . These features indicate a major basin-wide shift in sediment provenance that initiated near the beginning of the Barremian based on palynological controls (Wagstaff & McEwan Mason 1989; Morgan et al. 1995) and fission-track dating of volcanigenic sphene, zircon and apatite crystals (Gleadow & Duddy 1985 
Genetic sequence relationships
The development of the Lower Cretaceous sedimentary succession can be interpreted in terms of a series of progradational and retrogradational fluvial sequences ( Figure 10 ). The bounding surfaces of the genetic packages in most cases correspond not to lithostratigraphic unit boundaries but to horizons within these units. Sequence A represents progradation of a conglomeratic wedge (braided rivers and fans) restricted to alluvial valleys incised into the Palaeozoic basement (Figures 9a, 10) . Finer grained facies equivalents are potentially preserved in the subsurface towards the basin centre based on basin geometry and palaeocurrent directions (Karoonvale Australia Pty Ltd 1994; Capital Energy NL 1995) but such sediments are probably not as extensive as later deposits judging from their absence along the flanks of the Balook Block or in the few wells that have penetrated basement in the central Gippsland Basin. Sequence B (Figure 10 ) represents a retrogradational shift of facies. Sluggish river environments expanded, possibly associated with a shift in regional base levels (Figure 9b ). Coarse-grained (proximal) facies equivalents were probably restricted to upper alluvial valleys but have since been removed by erosion. A progradational pulse of higher energy fluvial systems (braided rivers) occurred in Sequence C (Figures 9c, 10) . Sequences A-C represent a single genetic series (Figure 10 : Genetic Series I) incorporating progradational-retrogradational intervals with quartzose-lithic sediments derived from a common northwestern source area. Genetic Series 1 corresponds to the 'KL1 megasequence' interpreted by Hill et al. (1995a) to incorporate the Tyers River Subgroup in the Gippsland Basin and the Crayfish Subgroup in the Otway Basin. Sequence C is probably capped by a disconformity or unconformity followed by a sharp change in sediment composition, a transition that is not well-exposed in the Tyers area. Sequence D (Figure 10 ) represents progradation of a thick feldspathic/volcanigenic sandstone wedge. It marks a major phase of basin-widening where, in many places, upper Strzelecki Group sediments were deposited directly onto basement rocks. A detailed investigation of the upper Strzelecki Group was not carried out during this study but it represents a separate genetic series (Genetic Series II: Figure 10 ) with sediments derived from a different source area. This interval is equivalent to the 'KL2 megasequence' of Hill et al. (1995a) . There are probably several progradational/retrogradational sequences in the upper Strzelecki Group, which is around 3000 m thick in some parts of the basin. Factors corresponding to sequence boundaries in these entirely fluvial systems (driving progradation/ retrogradation of facies assemblages) may be complex and not necessarily correspond to highstand, lowstand, shelf margin and transgressive systems tracts, in a traditional sequence-stratigraphic context (Currie 1997; Miall 1997) . Driving factors may include: climatic forcing (Smith 1994), changes in base-level (Currie 1997), tectonic uplift or subsidence or erosional retreat of sediment source areas (Jo et al. 1997) , and local changes in basin geometry and subsidence with graben/half graben development during early stages of basin evolution (Flint et al. 1986) . A combination of several factors may be responsible for the evolution of the Tyers River Subgroup.
CONCLUSIONS
The Tyers River Subgroup and Rhyll Arkose represent the initial terrestrial deposits laid down during early rifting in the Gippsland Basin. The 600 m-thick Tyers River Subgroup is developed principally in the Tyers district in the northwest Gippsland Basin. Small exposures of Neocomian, feldspathic and lithic granulestone and sandstone on the Mornington Peninsula and Phillip Island are assigned to the Rhyll Arkose. Precise correlation of the Rhyll Arkose with the succession at Tyers is not possible due to the scarcity of bores penetrating to this stratigraphic level in intervening areas, but its fossil macroflora and coarsegrained lithology suggest correlation with the lower part of the sequence at Tyers. The Tyers River Subgroup incorporates two formations of Neocomian age. The Tyers Conglomerate (lowermost unit) is of Berriasian age and is succeeded by the Rintoul Creek Formation (Valanginian-?Hauterivian) that contains a high proportion of siltstone in the lower part (Locmany Member) but is dominated by sandstones in the upper part (Exalt Member). Ten sedimentary facies characterise the Tyers River Subgroup and Rhyll Arkose. These facies are referable to three sedimentary suites: gravelly channel; sandy channel/crevasse splay; and floodbasin assemblages. Changing associations of these facies reflect the evolution of depositional settings within the broadening rift system. These entirely nonmarine systems shifted from high-energy, braided river and alluvial-fan environments during deposition of the Tyers Conglomerate, through more sluggish fluvial environments during deposition of the Locmany Member, and returned to active sandy, braided fluvial systems during deposition of the Exalt Member. Basin widening and a shift in sediment provenance marks the transition to the highenergy, braided fluvial deposits of the succeeding upper Strzelecki Group.
